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116Preloaded guidewires to facilitate endovascular
repair of thoracoabdominal aortic aneurysm using
a physician-modiﬁed branched stent graft
Gustavo S. Oderich, MD, Bernardo C. Mendes, MD, and Mateus P. Correa, MD, Rochester, Minn
Branched stent grafts have been widely applied to treat complex aortic aneurysms. The technique often requires brachial
or axillary approach to provide antegrade access to directional branches, which are bridged to target visceral arteries by
self-expandable stent grafts. Preloaded guidewire catheterization may facilitate access into directional branches,
decreasing or eliminating catheter manipulations required during this step of the procedure. We describe the use of
a physician-modiﬁed branched stent graft using preloaded guidewire catheterization to treat a patient with recurrent,
type III thoracoabdominal aortic aneurysm. The procedure was performed with no complications, and total operative
time was 300 minutes, ﬂuoroscopy time was 81 minutes, and iodinated contrast dose was 210 mL. Computed tomo-
graphic angiography revealed no endoleak and widely patent branches at 2 months. (J Vasc Surg 2014;59:1168-73.)Fenestrated and branched stent grafts have been widely
applied to treat complex aneurysm anatomy in the arch and
thoracoabdominal and pararenal aorta.1,2 Directional
branches are typically accessed via the brachial or axillary
approach, are less subjected to errors of implantation, and
provide a longer overlapping zone with the mating stent
graft. The standard technique requires sequential catheter-
ization of each branch for placement of mating self-
expandable stent grafts into the target arteries. Preloaded
catheters and guidewires allow direct access into the
branch, potentially decreasing catheter manipulations to
access the branch.3,4 We describe a technique of preloaded
guidewire access to facilitate endovascular repair of a thora-
coabdominal aortic aneurysm (TAAA) using physician-
modiﬁed branch stent graft.
CASE REPORT
A 60-year-old male patient with rapidly enlarging recurrent
6.7-cm type III TAAA was referred by an experienced aortic
surgeon for endovascular repair using branched stent graft
(Fig 1). His medical history was notable for open repair of type IV
TAAA, prolonged postoperative recovery complicated by myo-
cardial infarction and failure to thrive, ischemic cardiomyopathy,
coronary stents, cigarette smoking, hypertension, hyperlipidemia,
stage III chronic kidney disease, and incisional hernia. Computed
tomography angiography demonstrated a visceral patch aneurysm,the Division of Vascular and Endovascular Surgery, Mayo Clinic.
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8patent celiac axis, superior mesenteric artery (SMA) and right renal
artery, and high-grade stenosis of the left renal artery and large
amount of intramural thrombus (Fig 1).
TECHNIQUE
The patient was treated by a physician-modiﬁed bran-
ched stent graft prior to initiation of an ongoing physician-
sponsored investigational device exemption protocol
utilizing manufactured (Cook Medical, Brisbane, Australia)
fenestrated and branched stent grafts to treat pararenal and
TAAAs (FDA Protocol G130030).
Device modiﬁcation. A 36-mm tapered TX2 thoracic
stent graft (Cook Medical, Bloomington, Ind) was modi-
ﬁed onsite under strict sterile technique (Fig 2). The stent
graft was removed from its original 22-F introducer sheath.
Fenestrations were created using ophthalmologic cautery,
and 1.5-cm directional branches were fashioned using
Viabahn stent grafts (W. L. Gore, Flagstaff, Ariz) for the
celiac, SMA, and left renal artery, with a mini-cuff fenes-
tration for the right renal artery (Fig 2, A).5 A diameter-
reducing tie was added (Fig 2, B).6 Gold radiopaque
markers (Accellent, Wilmington, Mass) were sutured at the
origin and distal end of the branch (Fig 2, C [arrowhead]).
The branched segment of the TX2 stent graft was perma-
nently constrained to a diameter of 18 mm using 3-0 Gore
sutures (Fig 2, D, small arrows). Radiopaque markers were
sutured at 12 and 6 o’clock positions for orientation of the
device. After each branch and the mini-cuff were preloaded
with 0.014-inch guidewires, the TX2 stent graft was rein-
troduced into a 65-cm long 24-F Check-Flo sheath (Figs
2, E and 3, A). Total time for device modiﬁcation was
180 minutes.
Implantation. The procedure was performed using
general endotracheal anesthesia. A temporary right iliac
artery conduit was needed due to small iliac artery diameter
(Fig 3, A). The upper brachial artery was surgically exposed
immediately below the axillary hairline. The patient was
systemically heparinized. A 12-F Ansel sheath (Cook
Fig 1. A 6.7-cm recurrent type III thoracoabdominal aortic aneurysm (TAAA) was diagnosed after prior open repair of
type IV TAAA (A; reprinted with permission of the Mayo Foundation for Medical Education and Research. All rights
reserved.). Computed tomography angiography demonstrates degeneration of the visceral patch (B), with large amount
of intramural aortic thrombus at the level of the celiac axis (C), left renal artery (D), superior mesenteric artery (SMA)
(E), and right renal artery (F). Note the high-grade stenosis at the origin of the left renal artery (D; white arrow).
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positioned in the descending thoracic aorta. A 36  32 
157 mm TX2 stent graft was deployed 6 cm proximal to
the origin of the celiac axis (Fig 3, A) over a 0.035-inch
Lunderquist wire (Cook Medical). A 4-F, 110-cm sheath
(Cook Medical) was introduced via the left brachial sheath
and exteriorized via the right iliac conduit (Fig 3, A). The
branched TX2 stent graft component was oriented extra-
corporeally and loaded over the Lunderquist wire, while
the four preloaded 0.014-inch guide wires were loaded
into the 4-F sheath (Fig 3, B). The TX2 stent graft and the
4-F sheath were advanced to the visceral segment, and the
stent graft was deployed with the branches positioned 2 cm
above each target vessel (Fig 3, C). The 4-F sheath was
removed, and celiac axis, left renal artery, and SMA were
sequentially catheterized using the preloaded guidewires
(Fig 3, D). Each catheterization was facilitated by
advancement of a 5-F shuttle sheath (Cook Medical) with
a 0.018-inch dilator. Once the 5-F was advanced through
the branch, the preloaded guide wire was exchanged for
a 100-cm length Kumpe catheter, which was used for
target vessel catheterization. A 0.035-inch Amplatz
guidewire (Cook Medical) was placed in the left renal
artery, while V-18 guidewires (Boston Scientiﬁc, Bloo-
mington, Minn) were positioned into the celiac and SMA.
Each branch was stented sequentially by upsizing thesheath for a 9-F ﬂexor sheath over a 0.035-inch Amplatzer
wire, while access was maintained into the other branches
with 0.018-inch guidewires. The left renal artery was
stented ﬁrst using a 6-  100-mm Viabahn stent graft,
reinforced by 6-  120-mm Protégé self-expandable
stent (Covidien, Plymouth, Minn), introduced via a 7-F
Raabe sheath (Cook Medical). Reinforcement with self-
expandable stents was done to increase radial force and
prevent kinks at the transition to the native artery. Access
was then established into the right renal artery (Fig 4, A)
using the preloaded wire, which was exchanged for
a 0.035-inch Rosen guidewire (Cook Medical). The
diameter-reducing tie was removed, and the right renal
artery was stented using 6-  60-mm Fluency stent graft
(Bard, Tempe, Ariz), 6-  60-mm Protégé self-expandable
stent (Covidien) and 7-  22-mm iCAST covered stent
(Atrium, Hudson, NH) introduced via 7-F sheath. The
celiac axis and SMA were sequentially stented by ex-
changing the 0.018-inch V-18 guidewires (Boston Scien-
tiﬁc) for 0.035-inch Rosen guidewires (Fig 4, B-D). The
repair was then extended distally using a 28-  77-mm
Cook proximal extension. The proximal and distal
landing zones and attachment sites were dilated using
Coda balloon (Cook Medical). Completion angiography
revealed no endoleak, dissection, or embolization (Fig 5,
A-C). The total endovascular portion of the procedure was
Fig 2. A tapered TX2 thoracic stent graft (Cook Medical, Bloomington, Ind) was removed from its original 22-F
sheath in a backwards fashion via the sheath valve. The device was modiﬁed onsite with fenestrations created for the
four visceral arteries. Three 1.5-cm-long branches were fashioned utilizing Viabahn stent grafts (W. L. Gore, Flagstaff,
Ariz), and a mini-cuff reinforced fenestration was done for the right renal artery (A). A diameter-reducing tie was added
in the posterior aspect of the device (B). Each branch was marked with four small gold radiopaque markers (Accellent,
Wilmington, Mass) sutured at the origin of each branch, and with one gold radiopaque marker at the distal end of the
branch (C; arrow heads). The branched portion of the TX2 stent graft was permanently constrained using 3-0 Gore
sutures to a diameter of 18-mm (D; small black arrows). The TX2 stent graft was reintroduced into a 24-F Check-Flo
sheath, using 26- and 24-F peel-away sheaths (E; reprinted with permission of the Mayo Foundation for Medical
Education and Research. All rights reserved.). The reloading process is done using ﬁrst a 26-F peel-away sheath, which
allows loading the device into a second 24-F peel-away sheath. After the device is completely loaded into both these
sheaths, it is advanced through the valve and reloaded into the 24-F Check-Flo sheath.
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iodinated contrast dose was 210 mL. Cerebrospinal
drainage was discontinued on postoperative day 3. The
patient had an uncomplicated course and was dismissed
home on postoperative day 4 with a serum creatinine of
0.9 mg/dL. Follow-up computed tomography angiog-
raphy (Fig 5, D) obtained at dismissal and 2 months
demonstrated widely patent branch stent grafts with no
endoleak and stable aneurysm sac diameter.
DISCUSSION
Endovascular incorporation of the visceral arteries
has been successfully performed using fenestrations anddirectional branches.1,7 A fenestrated design has been
favored to treat pararenal aneurysms and selectively in
patients with TAAAs.1,8 The Cleveland Clinic group advo-
cates two helical branches for the celiac and SMA, with
fenestrations (or fenestrated branches) for the renal art-
eries.1,9 Fenestrations may be advantageous for transversely
oriented vessels, such as the renal arteries, by avoiding
kinks in the distal aspect of the stent. Type III endoleak
at the attachment ring remains a concern when fenestra-
tions are applied to incorporate target vessels that originate
from large aneurysms. In these cases, directional branches
have been preferred because of the longer overlapping
zone between the side branch and the mating stent graft.
Fig 3. Illustration of the ﬁnal appearance of the modiﬁed TX2 (Cook Medical, Bloomington, Ind) stent graft with
three branches, a mini-cuff fenestration, preloaded guidewires, and a permanently constrained segment for the visceral
branches (A). Note that each 0.014-inch guidewire is introduced through the branch or fenestration and into the distal
shaft of the dilator of the TX2 stent graft. After deployment of the proximal TX2 stent graft, a 4-F sheath is introduced
via the left brachial sheath and exteriorized via the right iliac conduit (A). The physician-modiﬁed TX2 stent graft is
loaded via the Lunderquist guidewire (Cook Medical), while the 4-F is used for introduction of the four preloaded
wires, which now exit through the left brachial approach. The TX2 stent graft is deployed in the visceral aortic segment
(B) to the level of the infrarenal aorta (C). After the 4-F sheath is removed, each preloaded wire is sequentially
catheterized using a 5-F shuttle sheath (Cook Medical) with 0.018-inch dilator (D). Note the left renal branch was
treated ﬁrst (D) by placement of Viabahn stent graft (W. L. Gore, Flagstaff, Ariz). Reprinted with permission of the
Mayo Foundation for Medical Education and Research. All rights reserved.
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repair requires meticulous planning and advanced endo-
vascular skills. Limitations of current techniques include
the relative large diameter of the devices, the lack of
a specially designed mating stent graft, and the large
number of steps that are needed to sequentially stent all
visceral arteries. Unquestionably, advances in endovascu-
lar technology with lower proﬁle systems, diameter-
reducing mechanisms, and smaller, more ﬂexible stent
grafts will optimize technical results and minimize rates
of intraprocedural complications.
Most manufactured branched stent grafts use ante-
grade brachial or axillary access to the directional branches
and target vessels. Manufactured devices can be designed
with preloaded catheters and guidewires, which are snared
via the brachial artery, eliminating catheter manipulations,
which would otherwise be necessary to gain access to the
branches.5,6 The technique herein described utilizes four
guidewires, which were preloaded into each one of the
branches or fenestrations. These wires facilitate sequentialcatheterization of each branch, similar to what has been
accomplished by manufactured devices. Still, there may
be difﬁculty on advancement of catheters and sheath via
the preloaded 0.014-inch guidewire, despite the fact that
the wire is secured to the distal shaft of the main stent graft
(Fig 3, A). We found that using a 5-F sheath with 0.018-
inch dilator, or a 3-mm balloon instead of the dilator, can
usually overcome these difﬁculties. Other important modi-
ﬁcations, which facilitate vessel catheterization, are the
temporary and permanent diameter-reducing ties. The
smaller aortic stent graft diameter allows for more space
for catheter manipulations and some movement after
deployment. In the event of future disruption of one or
more ties, the self-expandable stents conform well to
changes in anatomic conﬁguration.
Access to manufactured branched stent grafts has been
limited in the United States and worldwide. In addition to
custom-made designs, an off-the-shelf alternative, the
t-Branch (Cook Medical, Brisbane, Australia) stent graft,
allows >80% visceral artery incorporation.10 In centers
Fig 4. The celiac axis, superior mesenteric artery (SMA), and right renal artery were sequentially catheterized using the
same technique (A) with V-18 guidewires (Boston Scientiﬁc, Bloomington, Minn) placed into the celiac axis and SMA,
and a 0.035-inch Rosen guidewire was utilized for the right renal artery (A; inset). The modiﬁed TX2 stent graft was
then completely deployed, the diameter-reducing tie was removed (B), and the right renal artery was stented. The SMA
was sequentially stented (B), followed by the celiac axis (C). Final appearance of the physician-modiﬁed branched stent
graft is depicted in D. Reprinted with permission of the Mayo Foundation for Medical Education and Research. All
rights reserved.
Fig 5. Intraoperative image demonstrates catheterization of the left renal artery (A; white arrow) with 0.018-inch
guidewires already positioned in the celiac axis (A; two small black arrows) and superior mesenteric artery (SMA)
(A; black arrowhead). Left renal digital subtraction angiography after deployment of a Viabahn stent graft (W. L. Gore,
Flagstaff, Ariz) demonstrates widely patent branch with no dissection or endoleak (B). Final completion aortography
demonstrates patency of all visceral branches with no endoleak (C). Follow-up computed tomography angiography (D)
conﬁrmed patency of all four branches with no endoleak and stable aneurysm size.
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have been used to treat patients considered higher risk for
open repair. We currently utilize manufactured stent grafts
to treat pararenal and TAAAs under physician-sponsored
investigational device exemption or industry-sponsored
trials. However, physician-modiﬁed fenestrated and
branched stent grafts are likely to continue to have
a limited, but deﬁnite indication, in the compassionate
treatment of patients with excessively large, symptomatic,
or contained ruptured aneurysms who do not meet the
proposed anatomic criteria for off-the-shelf designs or
cannot await the time required for device customization.REFERENCES
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